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INTRODUCTION

In the search for insecticidal materials which could be substituted
for lead arsenate for the control of the codling moth, the Bureau of
Entomology and the Bureau of Chemistry and Soils have studied a
number of inorganie fluorine compounds. These coinpounds, because
of their availability and chemical and plhysical properties, seem to
offer a profitable field for investigation. This bulletin reports results
of insecticidal tests made at the Yakima (Wash.) laboratory of the
Bureau of Entomology. The experiments were all conducted under
arid conditions. This fact 1s emphasized, as it is of special significance
in interpreting the results obtained. Effective control or freedom
from plant injury was not secured in similar experiments conducted
under more humid conditions by other investigators of the Bureau of
Entomology.

Our knowledge of the effect of fluorine compounds on human beings
is limited. Available information, however, indicates that they are
not more toxic than arsenic and that the fluorine residue on the fruit
at harvest can be removed as easily as can either arsenic or lead resi-
dues. Information as to the removal of the metallic clement of the
fluorine compound is, however, not available.

1 The writers are indebted to M. A. Yothers, associate entomologist, and F. P. Dean and A. R. Rolfs,
junior entomologists, who assisted with many of the experiments
173363°—33——1 1
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The toxicity of certain fluorine compounds to insects has been
recognized for some time, and a few of themn have found wide applica-
tion In the control of pests such as roaches, chicken lice, etc., where
folinge injury is not a factor. One of the carliest references to the
insecticidal properties of fluorine compounds is contained in British
patent no. 8236, entitled “An Improved Composition or Material for
Destroying Insects,” issued to C. H. Higbee in 1896. During the
last 15 years other fluorine compounds have been tested against a
number of different insects infesting growing crops. In many in-
stances good control has been reported. The records of these tests
have becn reviewed by Marcoviteh (9),2 who has also published a
comprehensive bibliography.

OCCURRENCE AND AVAILABILITY OF FLUORINE COMPOUNDS

Fluorine does not occur free in nature, but it occurs in a wide variety
of combinations with other elements throughout the eartl’s crust.
Most phosphate-rock deposits contain 3 percent or more of fluorine;
calcium fluoride in the form of fluorspar is a common niaterial; and
many other combinations of fluorine have a wide geographical dis-
tribution.

Many of the fluorine compounds are stable, chemically inert, finely
crystalline or amorphous powders, and relatively insoluble. These
qualities make them desirable from an insccticidal standpoint, as
they can be applied by dusting or spraying; they adhere to foliage
without being toxic to 1t, and they retain their efliciency over a con-
siderable period of time. They are also nonirritating to operators
and noninjurious to machinery.

HYDROFLUORIC AND HYDROFLUOSILICIC ACIDS

Two common acids containing {luorine are easily prepared from the
naturally occurring compounds. When [luorspar or any other non-
siliceous fluoride is treated with sulphuric or other nonvolatile acid
and the reaction mixture is heated, hydrogen fluoride distills off and
may be dissolved in water to form aqueous hydrofluoric acid or con-
densed to the anhydrous hydrofluoric acid. Cominercial aqueous
hydrofluoric acid containing 48 percent HI' is available iu large
quantitites. The reaction involved in its manufacture is expressed
by the equation:

CaF;+ H;80——CaSO,+2H 1

Phosphate rock contains a double comnpound of calcium phosphate
and calcium fluoride and in addition silicon dioxide or sand, so that
when this material is heated with sulphuric acid, as in the manufacture
of phosphate fertilizer, reactions take place as follows: The calcium
fluoride and sulphuric acid react to form hydrofluoric acid, which in
turn reacts with the silica to form silicon tetrafluoride, which is evolved
as a gas. These reactions are expressed by the cquations:

Can + H2804—>CaSO4+2H ¥
411 F + Si0,——SiF+2H,0

When the silicon tetrafluoride is passed into water, it combines with it
to form hydrofluosilicic acid (H.5iFy).

38iF 4+ 4H,0——211,8iF, +S8i(0ll),

3 Jtalic numbers in parentheses refer to Literature Cited, p. 23.
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Commereial aqueous hydrofluosilicic acid eontaining about 35 pereent
of H;SiF; is available in large quantities. Eaeh ton of phosphate roek
contains the equivalent of about 75 pounds of hydrofluosilicie aeid,
and, sinee approximately 3,000,000 tons of phosphate roek are sold or
used annually in the United States, there is an ample supply of fluorine.
As gaseous silieon tetrafluoride is deleterious to vegetation, most
fertilizer manufacturers are required to prevent its escape into the air;
so any new use for this eompound is welcomed.

FLUORIDES

The fluorides, or salts of hydrofluoric acid, are the most common
commereial fluorine compounds. They are represented by the general
formulas MF, MF,, MF;, etc., where M represents mono-, di-, and
tri-basie elements, respeetively. Fluoridesof practically all thcmetals
have been prepared and their properties studied. In general, they
are finely crystalline compounds or almost amorphous powders, stable,
and with widely differing solubilities in water (2). Their insecticidal
properties have been investigated quite thoroughly, but usually if
soluble enough to have the desired toxicity to insects these compounds
cause foliage injury. Most fluorides are dense powders which are not
suitable for dusting purposes and do not adhere well to foliage.

FLUOSILICATES

The fluosilicates, or salts of hydrofluosilicic acid, are another impor-
tant class of fluorine compounds. They are also sold and advertised
commercially as silieofluorides, but the American Chemical Society
recognizes only the term ‘‘ fluosilicate.” They are represented by the
general formulas M,SiF,;, MSiF,;, M,(SiF;)s, etc., where M represents
mono-, di-; and tri-basic elements, respectively.

The fluosilicates of most of the metals have been prepared and their
properties determined. They are finely crystalline or amorphous
powders or well-defined crystalline compounds, some witli and some
without water of crystallization. They are usually much more soluble
than the corresponding fluorides (2, 4), and in solution they give an
acid reaction. Sodium fluosilicate, for example, reacts with water
according to the equation:

3Na,Si¥s+ 4H,0==6NaF +2H,8iF;+ Si(OH),

The titration of the liberatced acid in a fluosilicate solution with stand-
ard alkali is often ciployed as an analytical procedure:

NasSiFe4+4NaOH——-6NaF 4 8i0.+2H,0

There are only three fluosiliates whose solubility is low enough to
permit of tlieir use as insecticides on field crops. They are the fluosili-
cates of barium, potassium, and sodium. These compounds are avail-
able eommereially both in the pure form and mixed with diluents to
improve their physical condition for dusting purposcs.

Sodium fluosilicate is available commercially in large quantities.
It can be obtained easily in a high degree of purity, commercial samples
in many cases showing by anaTysis a purity of more than 99 percent.
In order to improve its physical condition for dusting purposes it is
also mixed with diluents and sold as a dusting material. Diatoma-
ceous earth, tale, silica, sulphur, hydrated lime, and other finely
divided materials are used for this purpose.

Potassium fluosilicate is less soluble than sodium fluosilicate and has
received less attention as an insecticide, probably on account of its
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greater cost. It is a white, very finely divided powder suitable for
applieation by spraying or dusting. It can be obtained easily in a
high state of purity and can be mixed with diluents similarly to sodium
fluosilieate.

Barium fluosilicate is the least soluble of the fluosilieates. It is
available commercially in large quantities either in the pure form or
mixed with diluents, as in the case of sodium fluosilicate. A special
light form claimed to eontain 80 percent BaSiF; and 20 percent fluffing
agent is also available. It is a white, very finely divided powder
suitable for application by spraying or dusting, and it adheres well to
foliage.

It should be remembered that all fluosilicates give an acid rcaetion
in solution and that mixtures with basic materials such as hydrated
lime reaet, neutralizing part of the fluosilicate, to form a fluoride.
Barium fluosilicate in particular is also not compatible with nicotine
sulphate, Bordeaux inixture, lime-sulphur, or spreaders containing a
high pereentage of calcium compounds, sodium sulphate, or other

soluble sulphates.
FLUOALUMINATES

Other fluorine compounds that appear promising arc the fluoalumi-
nates, or salts of the hypothetical acid H;AlF,. If aluminum oxide
or hydroxide is treated with hydrofluoric acid in excess, the aluminum
fluoride first formed is soluble in the excess acid so that in effect we
have a solution of H;AlF,:

Salts of this acid may be formed in the same way as with any other
acid—viz, by treatment with a base or a solution of another morc
soluble salt.

The natural mineral cryolite, or sodium fluoaluminate, is an exam-
ple of this class of compounds. It oceurs in nature in well-defined
crystalline form. The other alkali-metal salts of this class are de-
seribed by Carter (5). Little has been published on the preparation
and properties of the fluoaluminates of the other metals, but considera-
ble work is now in progress.

In general, the fluoaluminates are finely crystalline or amorphous
powders, stable, relatively insoluble, and since they are not easily
hydrolyzed by water their solutions or suspensions in water are practi-
cally neutral. They should therefore be safc for use on field crops.
These compounds are also stable in the presence of moisture and
are not appreciably decomposed by hard water. Ilowever, they
should not be mixed with lime-sulphur or other materials of high
calcium content.

Synthetic cryolite, or sodium fluoaluminate, of a high degree of
purity is available commercially. This is a white, very finely divided
powder, relatively insoluble, and suitable for spraying and dusting
purposes. Its refractive index is close to that of water, so that con-
centrations of 4 pounds to 100 gallons appear almost clear, although
only a small percentage is really in solution. There is also available
commercially a special form of natural cryolite, which is finely pow-
dered, suspends well in water, and seems to be as suitable as the
synthetic material.

Potassium fluoaluminate has been made commercially and is a
white, finely crystalline or amorphous powder of low solubility,
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suitable for spraying purposes but not quite so suitable for dusting.
Its dusting properties can probably be improved, however. The
refractive index of this compound 1s likewise low, and suspensions
of it are nearly transparent, but only a small percentage actually
gocs into solution.

ANALYSES OF MATERIALS USED

Most of the compounds used for the experimental work reported in
this bulletin were analyzed to determine the percentage purity, and
these analyses are given below:

B X Percent
Barium fluosilicate no. 1:
Barium fluosilicate (BaSiFy) _ - . o oo 74. 5
Other material ____ el 25. 5
Bariuin fluosilicate no. 2:
Barium {luosilicate (BaSiFe) . . - .. 66. 5
Barium fluoride (BaF¥,) . ... 22. 4
Moisture. .. o e 0.2
Other material ____ __ ___ _____________________ 10. 9
Barium fluosilicate no. 3:
Barium fluosilicate (BaSiFq)_ _ . o a___. 95. 0
Inert ingredients___________ S 50
Barium fluosilicate no. 4:
Barium fluosilicate (BaSiFq)_______ ____________________________ 95. 4
Barium fluoride (BaFs) - - . . _______ 1.5
Inert ingredients_ . _ o ... 3.1
Barium fluosilicate no. 5:
Barium fluosilicate (BaSiFg) __ . __i._._.T41
Barium fluoride (Ba¥y) - _ ... 2.7
Undetermined (mostly siliea) ... _____________________________ 23. 2
Potassiuin fluosilicate no. 1:
Potassium fluosilicate (KoSiFe) - _____ 96. 7
Potassium fluoride (K¥) . - . . 2.7
Moisture oo . e 0.2
Other material .. oo i 0. 4
Sodium fluosilicate no. 1:
Sodium fluosilicate (NazSiFe) - - oo ... 98. 1
Iron and aluminum oxides (Fe,O; and Al,Os) - _____ s 0.6
Other material o . . o L oo 1.3
Potassium fluoaluminate no. 1: .
Potassium fluoaluminate (K3;AlFg) . ________ R, 96. 6
Iron and aluminum oxides, cte. (¥e;0; and ALOs) ... ___ 3.4
Sodium fluoaluminate (synthetic cryolite) no. 1:
Sodium fluoaluninate (NagAlFe) - . 79. 8
Undetermined . _ . _ _ . e 20. 2
Sodium flucaluminate (synthetic cryolite) no. 2:
Sodium fluoaluminate (NagAlFe) o - - o .- 91. 0
Alumina (Al;O3) 6.0
Undetermined - - - - e aaaa 3.0

The fish oils employed were salmon oils, which are obtainable on th
Pacific coast. The physical and chemical constants of two of these
oils were determined:?

No. ! No.2
Specific gravity at 15°/4° C___ .-~ 0. 922 0. 932
Viscosity, seconds, Saybolt Universal at 100° F_________ .. 165 132
Saponification number_ . - 191 194
Unsulphonated residue (A.0.A.C. method) . .- ------ None. None.
Todine number (Hanus) __ - .. . ceeoaan- 125 180
Acetyl value, mg KOH per gram acctylated oil_... - -.--- 24 12
Free fatty acids %calculated as oleic acid), pereent__ .- __ 7.5 .7
Water-soluble acids (ealculated as oleic acid), percent______ .14 .08
Volatilc fatty acid number, mg KOH per 5 gof oil.___.__- . 52 .23
Insoluble fatty acids (Hehner), pereent.._ .- . .- ---- 96. 6 96. 1

3 These analyses were made by F. E. Dearborn, of the Bureau of Chemistry and Soils.
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These constants eorrespond quite well with those given by Hood
(8), except that sample no. 1 had a rather high free-fatty-acid eontent.
No injury resulted from the use of this oil, however.

METHODS OF MAKING TESTS

Most of the laboratory experiments were made in the manmner
already used by Newcoiner (11). Carefully seleeted apples of one
variety were suspended by their stems in an outdoor shelter and
sprayed or dusted uniformly with the material to be tested. When
they were thoroughly dry, 10 newly hatehed larvae were placed on
each apple, five apples being used for eaeh test. In 1929 and 1930
tests were also made in wlieh larvae were placed on the fruit several
days after it had been sprayed. In order to have the fruit in a normal
eondition, it was sprayed while hanging on the tree, and pieked just
before the larvae were placed on it. Care was taken to remove ad-
jacent leaves, so that the spray material would not be rubbed off
by them. In 1930, also, small pieees of paraffined paper on which were
10 eggs almost ready to hateh were attached to the stems by means of
paperelips. The resulting larvae readily found their way to the apples.

The results of the laboratory experiments are given in terms of
pereentage of worms entering the fruit, percentage eausing only
stings, percentage eausing total blemishes, and, in most instances,
percentage of eontrol. The last-mentioned figure has been obtained by
the method of Abbott, Culver, and Morgan (I, p. 6), who used the
following formula:

(Percentage of worms enter-  (pereentage of worms enter-
ing fruit in check) B ing treated fruit)
(Pereentage of worms entering fruit in check)

Many of the experiments reported are averages of two or more tests
made during the same season. When this was done, the same number
of tests, made on the same dates, are used for each experiment in the
table. No attempt has been inade to eompare one series of experi-
ments with another, for variations due to differenees in temperature
and humidity, eondition of the larvae, and variety and degree of
ripeness of the fruit would make such a eomparison of little or no
value.

For the orehard experiments plots eontaining 8 to 16 trees were
used. The spraying was done with a gasoline power sprayer main-
taining 300 to 350 pounds pressure and using spray guns and two lines
of hose. Very wormy orchards were selected for all the tests in order to
give a fair comparison. Tests in whieh the infestation is less than
5 percent are not dependable, as experimental error may overshadow
any differences eaused by variations in the treatment.

The results of the orehard experiments are given in terms of per-
centage of fruit wormy, percentage stung, pereentage of sound fruit—
that is, fruit tbat is netther wormy nor stung—and ratio of stings to
total blemishes. Fruit that was both wormy and stung is reeorded
under both beadings,

— X 100=percent control
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LABORATORY EXPERIMENTS
EXPERIMENTS IN 1925 AND 1926

The first work done with fluorine compounds at Yakima, Wash.,
was in 1925, when a barium fluosilicate (no. 1) was available for
laboratory experiments. It was tested at dilutions of 2 and 4 pounds
to 100 gallons of water, without fish oil, in comparison with lead
arsenate at 2 pounds to 100 gallons (table 1). The results were
nearly as good as those obtained witli lcad arsenate.

TaBLE 1.—Tozic effect of barium fluosilicate, as compared with that of lead arsenate,
on the larvae of the codling moth: Laboratory experiments, 1925

{4 tests averaged for each experiment]}

s Worms
Ex- Dilu- Worms h
. f . . ‘Worms | causing
pert Material 1 ton | Worm-| enter- | gyines | causing| total | Control
mnent (per 100 | holes ing Stings | blem-
no. gallons) fruit g ishes
Pounds | Number|Percent | Number| Percent | Percent | Percent
1 | Barium fluosilicate no. 1 2 17 8.5 48 24.0 2.5 74.6
2| 4 16 8.0 49 24.5 32.5 76.1
3 | Lead arsenate. ... 2 13 6.5 46 23.0 29.5 80.6
4 | Check (unsprayed) ... .. ... _ aed 67 33.5 42 21.0 | 54.6 ..

1 Analyses of most of the fluorine compounds mentioned in this and following tables are given under
Analyses of Materials.
In 1926 a sodium fluosilicate was tested, both as a spray and as a
dust, being diluted with lime in the latter case, as indicated in table 2.
The results were relatively poor.

TaBLE 2.—Toxic effect of sodium fluosilicate, as compared with that of lead arsenate,
with and without the addition of hydrated lime, on the larvae of the codling moth:
Laboratory experiments, 1926

(4 tests averaged for each experiment]

. Worms
Ex- Dilu- Worms h
- & ‘Worms [causing
peri- Material tion | Worm-| enter- | gyin05 feansing| total | Control
ment (per 1001 holes ing stings | blem-
no. gallons) fruit ishes

Pounds | Number| Percent | Number| Percent | Percent | Percent
2 80 40.0 21 10.5 50.5 310
4 60 30.0 28 14.0 44.0 48.3

3 2 3| 1.5 29| 145| 320| 698
. . Percent!|

¢ | fodin Guositieate no. 1 w7 | 10| 18 00| 80| er2

5 {f;f‘grg{ senate. s } 9| 45 2| 13.0| 17.5| 922

6 | Check (not spra; dusted) 116 58.0 5 2.5 60.5 ... .

1 By weight.
EXPERIMENTS IN 1927
In 1927 the fluosilicates of barium, sodium, magnesium, and zinc
and sodium fluoaluminate (synthetic cryolite) werc tested at dilutions
of 4 and 8 pounds per 100 gallons of water in comparison with lead
arsenatc at 2 and 4 pounds, respectively. The results obtained with
the barium fluosilicate no. 2 and sodium fluosilicates were very good,
as shown in table 3. The soluble zine and magnesium fluosilicates
were of little value. The zinc fluosilicate also caused the apples to



8 TECHNICAL BULLETIN 373, U.S. DEPT. OF AGRICULTURE

turn brown wherever it entered the fruit through holes in the skin
made by the codling-moth larvae. This suggests that it might burn
the fruit and fohage if used in the orchard. The sodium fluoaluminate,
which was rather impure and dense, did not give good control.

TaBLE 3.—Toxic effect of various fluorine compounds as compared with that of lead
arsenate, on the larvae of the codling moth: Laboratory experiments, 1927

(2 tests averaged for cach experiment]

!
- Worms
Ex- Dilu- Worms h
3 2 ‘Worms | causing
peri- : tion |Worin-| enter- : h
ment Material (per 100| holes ing Stings o;atuuslléasg g{)é:‘l_ Control
no. gallons) frult ishes

Pounds | Number| Percent | Number| Percent | Percent | Percent
1 | Barium fluosilicate no. 2_ _____________ 4 24 24 5 5 20 68. 4
2 | Sodium fluosilicate no. 1_ _ 4 31 31 n 11 42 59.2
3 | Magnesium fluosilicate_ ... 4 57 57 4 4 61 25.0
4 | Zinc fluosilicate ____ 4 53 53 2 2 56 30.3
5 | Sodium fluoaluminate no. 1. 4 81 51 5 5 56 329
6 | Lead arsenate___________ 2 40 40 3 3 43 47.4
7 | Barium fluosilicate no. 2. . 8 18 18 13 13 31 76.3
8 | Sodium fluosilicate no. 1. _ 8 17 17 11 11 28 77.8
9 | Magnesium fluosilicate. ___ 8 46 4 4 50 39.5
10 | Zinc fluosilicate________ 8 49 49 7 7 56 35.5
11 | Sodium flucaluminate no. 1. 8 37 37 3 3 40 51.3
12 { Lead arsenate__.__.._._ ... - 4 28 28 8 8 36 63.2
13 | Check (unsprayed) - .- | ... 76 76 0 0 76 |

EXPERIMENTS 1N 1928

It was thought that these materials might not adhere so well as
lead arsenate, and therefore fish oil, in the quantity suggested by Hood
(8) for use with lead arsenate, was added to thein in the tests made
in 1928. The degree of control obtained with all the fluorine comn-
pounds was higher than with lead arsenate, when compared with half
the quantity of the latter, used without fish oil, as shown in table 4.
This was in spite of the fact that the barium fluosilicate and sodiuin
fluoaluminate were not very pure, being the same as were used in
1927. The addition of fish oil (no. 1) to the lead arsenate resulted in
somewhat better control than was obtained with the fluorine com-
pounds.

TasLE 4.—Tozic effect of various fluorine compounds plus fish oil, as compared with
that of lead arsenate, with and without the addition of fish oil, on the larvae of the
codling moth: Laboratory experiments, 1928

[3 tests averaged for each experiinent]

- . W Worms
o X~ P yorms orms| caus-
X Dilution ; i
133{11{ Material (per 100 ‘?18;:?- e’ilrt]ir' Stings c?ggs' t.gltgl Control
no. gallons) fruit stings | blem-
ishes
B Sl . 4 Number| Percent| Number, Percent| Percent| Percent
anum uosilicate no. 2. - ________| 4 pounds_
1 {glsh e ——— : mm'&"' 24| 180 2| 160 320| 704
otassium fluosilicate no. 1.. --! 4 pounds..
2 {50'%'2 I M 5 lpm}i'"} 18| 120 39 26.0| 3so0{ 778
um flucaluminate no. 1. -- 4 pounds.._
3 {ﬂihlml fiucaluminate no. 1.9 ;mm_a;___} 25| 167 n| 153 320] o1
«} arsenate_ ______ .. ___.__ -- 2pounds.__
4 {Flsh oilmo. 1. ___ - 1lpint.____ } 16 10.7 35 2.3 340 80.2
5| Lead arsenate. ... ..._..___ 2 pounds..| 30 20.0 31 20.7 40.7 63.0
6 | Check (unsprayed) ..o oo aeiiiiaios { 81 5.0 | 9 6.0 60.0 |.cmvennn
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EXPERIMENTS IN 1929

The compounds tested in 1929 were the same as those used in 1928.
Tests were made 1 day and 7 days after spraying. Inasmuch as it
was necessary to spray the apples while they were still on the trees, it
was Impossible to spray them so evenly and thoroughly as when they
can be revolved while being sprayed. However, the results are
interesting (table 5). The barium fluosilicate gave, on the whole,
slightly better control than the potassium fluosilicate, possibly because
of better adhesive power. The sodium fluoaluminate was the best
of the three in the 1-day test, but at the end of 7 days the control was
not quite so good as with the other materials. In most instances the
addition of fish oil improved the degree of control in the 1-day test,
but this improvement was not evident in the 7-day test.

TasLe 5.—Tozic effect of various fluorine compounds, as compared with that of lead
arsenate, with and without the addition of fish oil, on the larvae of the codling moth:
Laboratory experiments, 1929

1 day after spraying ' 7 days after spraying
g Diltion | & | & | £§ g |5 |28
- Materlal {per 100 5 4 g@ | ) g 2k —_
5 gallons) |52 |54 | 88| § |S2|8s |28 B
g ¥B £ 21 8 |¥s k| 21 7
-8 g= g 3 E 28 ﬁ& § 2 En 8
& 5|5 | 52 g 15 |58
= B | |ES B |BS
Per- | Per- | Per- l Per-| Per- | Per- | Per- | Per-
cent | cent | cent | cent | cent | cent | cent | cent
1 | Barium fluesilicate no. 2 2 ;(:]ounds__ 20 14 34| 64.3 12 8 20| 80.0
2 i s u| m| s wo| wuf o] w| wo
3 | Barium fluosilicate no. 2. .4 pounds N 12 12 24 | 78.6 14 6 20| 76.7
4 | Potassium fluosilicate no. 1...___. 2 %ounds.. 24 20 | 44 | 57.1 24 8 32| 60.0
___________ eoadoooooC -
5 W oo 1 e 12| s0| 42|mo 3| 6] 3| 407
6 | Potassium fluosilicate no. 1 4 pounds..| 18 20 38 | 67.9 22 6 28| 63.3
7 | Sodium fluoaluminate no. 1 h2 Iéounds - 8| 32 40 | 85.7 28 20 48 53.3
....................... ceeedoo L
8 i i e w0 | | 36 (821 28| 14| 42| 533
9 | Sodium fluoaluminate no. 1.._._.| 4 pounds_.| 10 24| 34 821 44 18 62| 26.7
10 (e i : 2 | 2 2 94| 18] 16| 3| 700
11 | Lead arsenate. 18 8 26 | 67.9 14 | 22 36| 76.7
12 {80 : oo 0] a0|sme| 26| 10| 36| s6.7
13 | Check (unsprayed) I 56 2 | 58 |__.... 60 0 60 f......

In an additional test made with sodium fluoaluminate and fish oil,
the control was very good, as shown in table 6. This table also gives
the results of a preliminary test with potassium fluoaluminate, which
indicates that this compound may be of some value.

173363°—33~—2
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TABLE 6.—Tozic effect of sodium fluoaluminate and potassium fluoaluminate, as
compared with that of lead arsenate, on the larvae of the codling moth: Laboratory
experiments, 1929

- W W Worms
x- St orms orms| caus-
: Dilution 2
peri- : Worm- | enter- . caus- ing
ment Material gﬁrmllg()) holes ing Stings | ng total Control
no. fruit stings | blem-
ishes

Number| Percent | Number| Percent| Percent | Percent

Sodium fluoaluminate no. 1. _____| 2 pounds..
1 {giﬁh i Zpounds--|l 4 8 21 42| 0| sLo
odium fluoaluminate no. 1
2 ({Focur uoaluminate no. 6 12 19 8, 0 714
3 | Lead arsenate___. 13 26 14 28 54 38.1
4 | Check (unsprayec 21 42 6 12 i S P
5 | Potassium flucalum R 24 48 10 20 68 38.5
6 | Lead arsenate_._.___ E 26 52 6 12 64 33.3
7 | Check (unsprayed)_ .. ... . . ... .. 39 78 0 0 T8 |l

EXPERIMENTS IN 1930

Experiments were made in 1930 with barium fluosilieate and sodiiim
fluoaluminate from several sources and with a series of 17 fluorine
compounds prepared by Carter. The five fluorine compounds in-
cluded in table 7, when used at the rate of 3 pounds to 100 gallons
of water, with fish oil, all resulted in a control equal to or better than
that with lead arsenate used at the rate of 2 pounds per 100 galions,
without fish oil. This was true both 1 day after spraying and 5 days
after spraying.

TaBLE 7.— Toxic effect of various fluorine compounds, as compared with that of lead
arsenate, with and without the addition of fish oil, on the larvae of the codling
moth: Laboratory experiments, 1930

[2 tests averaged for each experiment)

1 day after spraying 5 days after spraying
g Diltion | £ | & | #8 g & |2
2 Material (peri00 |8 |3 3% = |8 |2 |39 3
El gallons) EE g & g é £ 55 shl 2 5 £
g GE| a2 | w2 § | 28| af|es| B
g E5|E9|ED| S |ET |7 |85 ©
: £ |2 188 |2 |E |8
=} = - - = = =
| — JR S S S R
Per- | Per- | Per- | Per- | Per- | Per- | Per- | Per-
3 4 | cent | cent | cent cent | cent | cent | cenl | cent
Barium fluosilicate no 2_ .. .. -| 3 pounds._ .
1 .{giSh ot s | 1S Y46.6 | 21.2 [ 66.8 | 2.5 | 68.9 | 202|001 2.0
arium fluosilicate no. 3_____ _| 3 pounds__| P .
2 {gish ot s 1 Guart {}52.3 | 22.5 | 75.0 | 45 o84 | 223 007 205
odium flucaluminate no. 1 _! 3 pounds__\ P .
3 {Fish R Al |3 i 190.9 | 10.8 | 70.7 | 87.6 | 67.3 | 15.4 | 82.7| 0.6
Sodium flucaluminate no. 2__..._| 3 pounds..
4 ' Fish 0il n0. 2. ... T quart. 7_}40.0 31.0 | 7.0 | 58.3 | 47.1 | 34.8 | 819 51.4
5 | Potassium fluoaluminate no. 1 _..[ 2 pounds._| 76.0 | 11.0 { 87.0 | 20.8 | 73.5 | 14.3 | 87.8 | 24.2
6 f---- 0. o .__.| 3pounds..| 57.5{ 15.2 | 72.7 | 40.1| 73.9 | 17.1 | 9L0| 23.8
_..do___.___ P PR S s I - o
TS F Ty S— e leer [ 182 0.0 | 51 e 284 0.2) 363
8 | Potassium fluoaluminate no. 1 .__| 4 pounds..| 50.3 | 29.0 | 79.3 | 47.6 | 58.0 | 27.8 | 85.8 | 40.2
9| Lead arsenate._ ... ... | 60.0718.0 | 78.0 1 37.5 | 73.6 | 9.0 826 24.1
10| Check (unsprayed) .. ... ... 96.0| 0 [ 96.0 ... 97.0| O 97.0 . . -

In another series of experiments a barium fluosilicate over 95 per-
cent pure (no. 4) was compared with a material eontaining only
about 74 pereent barium fluosilieate (no. 5). The former material
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was somewhat better than the latter both 1 day and 5 days after
application, as shown by comparing experiments nos. 1, 2, and 3
with nos. 4, 5, and 8 in table 8. Even when used at the rate of 4
pounds to 100 gallons (experiment no. 9), the compound containing
75 percent barium fluosilicate was not much better than the other
material at 3 pounds. Variations in the method of using the fish
oil were also tried. It was used without emulsification, and emulsified
with the fluosilicate and with casein-lime spreader (experiments nos.
5,6, and 7). No great difference in control resulted.

TaeLe 8.—Toxic effect of barium fluosilicate, as compared with that of lead arsenate,
with and without the addition of fish o0il or summer-oil emulsion, on the larvae of
the codling moth: Laboratory experiments, 1930

[2 tests averaged for each experiment]

1 day after spraying 5 days after spraying
g . Dilution | § [& |£8 g |g |28
o Material (per 100 | % 9 ol = |8 3 2K )
g gallons) ‘éﬁ g%l S g g ‘é.g 5 E‘“ g a g
8 SElaE|u2| B |22 af|u2| 8
8 g | g% E o |g" 1 E=|E 3
g 5 |5 |58 E |5 |53
= B |& |BS BB (B2
1 | Barium fluosilicate no. 4
2 (0% 5
glsh oil go 2.1... q a.rtd
arium fluesilical 3 pounds._.
3 {Summer-oil Bilicate 8 bolimds - }47.6 | 3.3 70.9 (494655 7 |725| 180
4 Bari&lm fluosilicate no. 5. 3 ;()]ouuds_ ’ ‘67 15 82 28.7 | 68.8 | 10 78.8 | 14.9
RSN o [ - RSN ¢ {1 DR g
5 {Fish Oy T 6e7| 102|149 512|688 | 10278 | &
Barium fluosilicateno. 5. .| g |
6 { Fish oil no. 2, emulsified with the 1 puart }61.2 10.9 | 72.1 | 34.9 | 66.7 | 1.2 | 77.9 | 17.5
fluos.icate ... __________ e ==
Barium fluosilicate no. 5_____.__. 3 pounds i
7 i Fishoil no. 2, emulsified with cas- |7 puart - }60 12 72 36.2|63.2|10.4 | 73.6 | 218
Beindimﬂe sprleader ............. ) a d“' 1
arium fluosilicate no. &. - pounds. .
8 B e & =-| $Potimds-- Josa| 134718 39 2] 4 |7m2| 94
9 ' Barium fluosilicate no. 5. 4 pounds 5.3 19.3 | 74.6 1 41.2 | 59.4] 7.1 |86.5| 26.5
10 | Lead arsenate_..._..__ 2pounds .| 65.6 | €7 | 753 |30.2|71 8 79 12.1
11 I Check (unsprayed) ... | ...... | 94 | 1 95 ... 80.81 0 80.8 |.o.o ..

The two sodium fluoaluminates (nos. 1 and 2) shown in table 9 were
tested at the rate of 4 pounds to 100 gallons, with and without fish oil,
and also with mineral oil and with a small quantity of mineral-oil
emulsion. Unfortunately there was no unsprayed check with this
series, so that the percentage of control cannot be given. However,
by examining the percentage of worms entering the fruit and the
percentage causing the total blemishes, as given in table 9, it will be
evident that sodium fluoaluminate no. 2, which was the purer of the
two, gave the better control. This was also shown in_experiments
nos. 3 and 4, table 7. It is apparent also that, with sodium fluoalu-
minate no. 2 at least, there is an advantage in adding a fish oil or
mineral oil,
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TaBLE 9.—Toxic effect of sodium fluoaluminate, as compared with that of lead
arsenate, with and without the addition of fish oil, summer oil, or summer-oil
emulsion, on the larvae of the codling moth: Laboratory experiments, 1930

T - Worms
Lﬁ_ ) Dilution |y oo chr;’lrg'_s | Worms| causing
mnt Material | (p(lzlr 10()) holes | Cing | Stings |eausing g;nal
gallons; 3 stings e1n-
no. | fruit ishes
| Number| Percent 'Number Percent |Percent
1 | Sodium fluoaluminate no. 1..._._._.__.._.__ 4 r(riounds_. 19 | 2 24 62
a-doo . o__ ...
2 ig(l)sdh oil go. f._ - -4 ;quurla.__ 18 | 2 I 19 38 o
ium fluoluminate no. 1_.. ../ 4pounds__
3 lgummera)il e{nulsion ________ _o lquart____ } 22 | B 12 w4 6
Sodium fluoaluminate no. 1__ - 4 pounds__ o
4 {Summer oil ... ool 1quart___ _[} 3 46 11 2 | 68
5 | Sodium fluoluminate no. 2..___ . 4 pounds 19 38 4 8 46
...do _ - - o doo . 5
6 {Fish oil rdo. 21_ ceveeo-.| lquart_. .<} 1 [ 30 1 2 52
Sodium flucalumina . .| 4 pounds. _| .
7 i{Su(xjnmcrH)il einulsion. . 1(|um'L(i .} 12 ‘ A u 22 1
Sodium fluoalmninate no 4 pounds.__ . .
8 {Summer oil_. - 1 quart._. |} 17 34 | 4 | B 42
9 | Lead arsenate. .| 2pounds.__| 34 ’ 68 5 10 78

In the tests made in 1930 fish oil was used at the rate of 1 quart
to 100 gallons, instead of 1 pint. Analyses of apples sprayed with
barium fluosilicate alone and with the addition of 0.5, 1, and 2 pints
of fish oil (table 10) indicated that increasing the quantity of fish oil
did not increase the quantity of barium fluosilicate placed on the
apples but did increase the residue remaining after an interval of 10
days. Marcovitch and Stanley (10) had shown increased adhesive-
ness of barium fluosilicate during rains when fish oil was added. In
this ease a slight rain, amounting to 0.15 inch, occurred in the 10-day
interval. Fish oil no. 2 was used in these tests,

TaBLE 10.—Effect of addition of different quantitics of fish o0il on adherencc of
barium fluostlicate ! sprayed on apples

Barium fluesilicate on apples

Fish oil
per 100 | Sprayed in
gallons of | jnsectary; o
r
spray ?I‘;‘gl)e?f Analyzed = Analyzed
ately immedi- after 10
¥ ately days

Sprayed in orchard

Grain per | Grain per | Grain per

Pints pound pound pound
Nope. 0.173 0.116 0.078
0.5 .093 117 080
1 L143 L119 L1007 |
2 . 197 15 . 114

1 4 pounds of barium fluosilicate used per 100 gallons.

The results of the toxicity tests (tables 5, 7, and 8) are not what
would be expected from the analyses in table 10, the percentages
of control decreasing about as much during the interval in the tests
with fish oil as in those without it. Rain amounting to 0.3 inch fell
during the interval of the test of 1929 and a smaller quantity fell
during one of the two series of tests included in table 8, but no cor-
relation between the rainfall and the results is evident. Further
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work is necessary before the value of the fish oil and the optimum
quantity that should be used can be determined.

Table 11 gives tests of 17 fluorine compounds, all of which were
laboratory preparations purified with a reasonable degree of care and
may be considered as being at least 90 percent pure in all cases.
Their solubilities were in every case less than that of sodium fluosili-
cate. The compounds were used at the rate of 4 pounds to 100
gallons, and compared with lead arsenate at the rate of 2 pounds to
100 gallons, no fish oil being used. In these tests five compounds—
manganese fluoride, barium fluosilicate, potassium fluosilicate, magne-
sium fluosluminate, and potassium fluoaluminate—were distinctly
superior to lead arsenate, as indicated by the relative percentages of
worms entering the fruit. Three others—sodium fluosilicate,
ammonium fluoaluminate, and sodium fluoaluminate—were approxi-
mately equal to lead arsenate. Of these 8 compounds, 3—manganese
fluoride, magnesium fluoaluminate, and ammonium fluoaluminate—
had not been tried before.

TasLe 11.—Toxic effect of various fluorine compounds and of lead arsenate on the
larvae of the codling moth: Laboratory experiments, 1930

Worms

Ex- ‘e‘;otgﬁs Worms | causlng
pen-t Material 1 ine  |causing | total
men S stings | blem-
no. fruit ishes
Percent | Percent | Percent

1 | Barium fluoride (BaFo) .- oo - 72 9 81

2 | Lead fluoride (PbF2)._____ ... I e : 61 15 76

3 | Magnesium fluoride (MgFs;)_ ... 74 5 79

4 | Manganese fluoride (MnFz)__._ . 41 23 84

5 | Bariumn fluosilicate (BaSiFs). ... 42 32 74

6 | Potassium fluosilicote (K2SiFe)._ 39 31 70

7 ! Sodium fluosilicate (NagSiFe) _ ... ... 54 24 78

& | Ammonium fluoaluminate [(N11:A1F¢} . . 47 27 4

9 | Barium fluoaluminate (BaAlFs) .. .. __ R - 77 15 92

10 | Calcium fluoaluminate (CaAlFs) .. . . ... ... . 66 15 81

11 | Magnesium fluoaluminate (MgAIFs) ... ... ... - 39 31 70

12 | Potassium fluoaluminate (K3AlFe) . _...._. O 33 37 70

13 | Potassium fluoaluminate (KaAlFg)+SiO: 50 23 73

14 Sodium fluoaluminate (NasAlFs)....__- 52 2 75

15 | Sodium fluoaluminate (NasAlFs)+SiO2 74 9 83

16 =~ Strontium fluoaluminate (SrAlF:).. . 60 4 684

17 Zinc flucaluminate (ZnAlFs) ... . 22 | }g gi

18 l Lead arsenate (Pb11AsO) ... ...

1 The fluorine compounds were used at the rate of 4 pounds to 100 gallons and the lead arsenate at 2
pounds to 100 gallons. No fish oil was used.

The results of these laboratory experiments are somewhat variable,
probably on account of the rather large experimental error which
must exist in tests of this nature. Moreover, for the most part they
show only the toxicity of the materials immediately after application.
Nevertheless, they are valuable in giving preliminary indications of
what may be expected from these compounds. The practical value
of a new material can be determined only by orchard experiments.
Such factors as durability of the material and its effect on the tree
and the fruit do not enter into laboratory experiments,
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ORCHARD EXPERIMENTS

EXPERIMENTS 1IN 1926 AND 1927

In 1926 some dusting experiments were made in two orchards, in
which a sodium fluosilicate dust was compared with a lead arsenate
dust and with a lead arsenate spray. The same dilutions were used
as in the laboratory tests (table 2, experiments nos. 3, 4, and 5). In
one orchard the fluosilicate dust resulted in poorer control than the
lead arsenate dust, and in the other orchard it was somewhat better.
In both orchards the lead arsenate spray controlled the worms much
better than either of the dusting treatments. Tests with bariun
fluosilicate and sodium fluosilicate used as sprays were made in 1927,
but the crop on the trees used was so much smaller than that on the
trees sprayed with lecad arsenate that a fair comparison could not be
made,

EXPERIMENTS IN 1928

In 1928 an orchard of Jonathan apple trees was seleeted that had
not been sprayed the previous season and was therefore very heavily
infested. The fluorine compounds were used at the rate of 4 pounds
to 100 gallons, and compared with lead arscnate used at the rate of
2 pounds to 100 gallons. Thesc fluorine compounds were made espe-
cially for the experiment, but they were quite dense, and the barium
fluosilicate and sodium fluoaluminate were not especially pure. In
order to increase the adhesiveness of the {luorine sprays, fish oil was
added at the rate of 1 pint to 100 gallons. It was usually emulsified
first with some of the fluorine compound, as suggested by Porter and
Sazama (12). The crop was good, althougl somewhat smaller on the
trees sprayed with fluorine eompounds than on those sprayed with
lead arsenate. Eight trees were used for each test, and the apples
from the two most nearly uniform trees in eael plot were examined.

As shown in table 12, the percentages of wormy apples on the trees
spraved with potassium fluosilicate and with sodium fluoaluminate
were not materially higher than on the trees sprayed with lead arse-
nate, and the percentages of stung apples were somewhat lower;
consequently a slightly larger percentage of the apples were sound.
The barium fluosilicate was ratlier impure, and the results with it were
poorer than when potassium fluosilicate was used.

TABLE 12.—FEffectiveness of various fluorine compounds, as compared with lead
arsenate, in conirolling the codling moth: Orchard experiments, 1928

Dilu- | Ratio of

tion stings
Test . T . ¢
n%. Material ! (per100 ﬂp(x))tlzls Wormy apples | Stung apples Egg{'e‘sl t[())léomlill

ishes

Pounds | Number|Number| Percent | Numnber| Percent | Percent
718 524 19. 4

1 { Barium fluosilicate no. 2.__ 4| 2,608 26.6 59.1 0.40
2 | Potassium fluosilicate no. 1 41 3,950 943 23.9 787 19.9 81.0 45
3 | Sodium flucaluminate no. 4 4,348 | 1,006 2.1 873 20,1 621 .46
4! Lead arsenate..._____________ 2| 5502 1,251 22,71 1,333 24,2 60. 1 .49

1 Fish oil, 1 pint to 100 gallons, used with all fluorine sprays.

Spray schedule: Calyx, May 10; first cover, May 22; second cover, June 1; third cover, June 12; fourth
cover, June 22; fifth cover, July 11; sixth cover, Aug, 2.
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EXPERIMENTS IN 1929

In 1929 the saine materials were used at the same dilutions. Carter
(3) had shown that these compounds were compatible with lead
arsenate. Therefore, a plot was added in which lcad arsenate was
used for the ealyx and first eover sprays, followed by sodium fluo-
aluminate, and another one in whicl half the usual quantities of lead
arsenate and sodium fluoaluininate were used together for the first four
applications, followed by sodium fluoaluminate alone. Tlese experi-
mwents were made in a different orchard from the one used in 1928; it
eonsisted of Rome Beauty apple trees which had been poorly sprayed
the previous season and were eonsequently heavily infested. The
fruit on the various trees in the orchard was nearly uniform. Each
plot contained 12 trees, and the fruit from 5 of these was examined in
each test.

The results of these experiments are given in table 13.  As in 1928,
the barium fluosilicate was poor in eflectiveness. When potassium
fluosilicate and sodium fluoaluminate (synthetic cryolite) were used,
the percentage of wormy fruit waus similar to that when lead arsenate
was used, and the number of stung fruit was markedly smaller. The
use of sodium fluoaluminate folowing lead arsenate (test no. 4) gave
the lowest percentage of wormy apples but a higher percentage of
stung apples than wlien sodium fluoaluminate was used throughout.
The combination of lead arsenate and sodium fluoaluminate is not
included in the table, as the portion of the orchard in which it was
used happened to be particularly wormy, and therefore this treatment
cunnot be compared with the other treatments. There was no
evidence of injury to foliage or fruit in any of the plots.

TasLe 13.—FEffectivencss of various fluorinc compounds, as compared with lead
arsenate, in controlling the codling moth: Orchard experiments, 1929

Dilu- Ratio of
T tion stings
Test : Total r = Sound
no. Material | (p:g 11-00 apples | Wormy apples | Stung apples apples tgltglt]a?l
lons) ishes
Pounds | Number| Number| Percent | Number| Percent | Percent
1 | Barium fluosilicate no. 2.___ 4§ 10,67t | 4,174 39.1 3 21.4 50.3 0.30
2 | Potassium fluosilicate no. 1. 4 412,257 | 3,025 4.7 2,777 22.7 59.4 .46
3 | Sodium fluoatuminate no. 1. 4 i 12,664 | 3,825 30.2| 3,196 25.2 53.4 .43
Lead arsenate in calyx and 21l |
first cover Spray._......----. . |
Sodium fluoaluminate no. 1in | 10,434 | 2,184 20.9| 2,870 21.5 59.4 .56
remaining cover sprays_.... 4
5 |'Lond arsenate - 212,740 3,247 | 95.5| 4,508 | 861 80.7 .56

1 Fish oil, 1 pint to 100 gallons, used with all fluorine sprays.
Spray schedule: Calyx, May 20; first cover, Jume 1; second cover, June 12; third cover, June 24; fourth
cover, July 12; fifth cover, Aug. 10.

EXPERLMENTS IN 1930

In 1930 & barium fluosilicate mixture that had been made especially
for insecticidal purposes (no. 5) was used. It contained about 74
percent barium fluosilicate, a percentage somewhat higher than that
of the material used in 1928 and 1929. It was much lighter and
remained in suspension better, owing to the inert material added.
The orchard used in 1930 had been heavily infested and consisted
of alternating double rows of Jonathan and Winesap apples, making
it possible to include both varieties in cach plot. Three series of
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tests were 1nade, in all of which lead arsenate was used for the calyx
and first cover sprays.

In the second to the sixth cover sprays barium fluosilicate was used
except for two applications in one series (C), where mineral-oil
emulsion plus nicotine sulphate was substituted for the fluosilicate.
In another series (A) mineral-oil emulsion was added to the bariumn
fluosilicate in two applications. Fish oil (no. 2) was added to the
barium fluosilicate except when the mineral-oil emulsion was used.
Comparable adjacent plots sprayed with lead arsenate were provided.
The treatments for all these plots are given in table 14.

TaBLE 14.—Spray schedule used in orchard experiments for control of the codling

moth, 1930
g:; ’Il‘legt calyc’:“(}e\‘lfglla)yagg first Second cover, June 4 Third cover, June 14
1 | Lead arsenate 3 pounds '.___{ Barium fluosilicate 3 pounds 4+ | Barium fluosilicate? 4
0.75 percent oil emulsion. ounds.
A 24 do.. ... ceieew----..} Lead arsenate 2 pounds + 0.75 | Lead arsenate 2 pounds.
percent oil emulsion.
3 ....do._____. Lead arsenate 2 pounds 0.

B { 1. do_.. .| Barium fluosilicate 4 pounds____| Barium fluosilicate 4 pounds.
2 ... do_ .. . _ | Lead arsenate 2 pounds. . __ Lead arsenate 2 pounds.
1foooodooooooooo_. 0.75 percent oil emulsion + nico- ! Barium fluosilicate 4 pounds.

& tine sulphate (1-1,200).
b2 DR TR ceodoo oo - Lead arsenate 2 pounds.

rsi:é rl;le:t Fourth cover, June 26 Fifth cover, July 20 Sixth cover, Aug. 12
1 | Barium fluosilicate 4 pounds_{ Barium flnosilicate 3 pounds + | Barium fluosilicate 4 pounds.
0.75 percent oil emulsion.
A 2 | Lead arsenate 2 pounds. .| Lead arsenate 2 pounds -+ 0.75 | Lead arsenate 2 pounds.
percent oil emulsion.
3 |- do._ .. ... - -.-.| Lead arsenate 2 pounds_________ Do.

B { 1 | Barium fluosilicate 4 pounds.| Barium fluosilicate 4 pounds. .. .| Barium fluosilicate 4 pounds.
2 | Lead arsenate 2 pounds Lead arsenate 2 pounds._ ... .| Lead arsenate 2 pounds.

1 | Barium fluosilicate4 pounds_| 0.75 percent oil emulsion -+ | Barium fluosilicate 4 pounds.

C nicotine sulphate (1-1,200).

2 | Lead arsenate 2 pounds_____|[.____ do. . ...._.................| Lead arsenate 2 pounds.

1 Weights of barium fluosilicate and lead arsenate are for each 100 gallons of spray.
2 Fishduil, 1 pint to 100 gallons, was used with all barium fluesilicate sprays except where oil emulsion
was used.

In order to minimize the variation due to field heterogeneity, the
schedule of barium fluosilicate and oil emulsion and the comparable
schedules of lead arsenate, with and without oil emulsion, were
repeated four times in the orchard, an arrangement similar to the
Latin square being used. Owing to the number of experiments being
made, it was not possible to do this with the other schedules. Ineach
plot the fruit from two trees of each variety was examined. The
results of all these experiments are given in table 15. In each case the
percentages of wormy fruit in the comparable plots are similar, and the
percentage of stung fruit is considerably more in the plots sprayed with
lead arsenate; consequently the percentage of sound apples is lower
than in the plots sprayed with fluosilicate.
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TaBLE 15.—Effectiveness of sprays of barium fluosilicate, as compared with lead
arsenale, in controlling the codting moth: Orchard experiments, 1930 1

I | Ratio of
- T . . stings
Sgs n%s.t Material ;,(;)Ll:ls Wormy apples | Stung apples asggﬂg t% lg%z_al
Ishes
]
1 | Barium fluosilicate (no. 5)4oil |Number| Number| Percent Number| Percent| Percent
A emulsiou-__________.___________ 38,138 | 4,405 1.5 3,043 8.0 81. 0.39
2 | Lead arsenate-t-oil emulsion .| 28,505 | 3,122 10.9 3,324 11.7 79.5 .52
3 | Lead arsenate_ . _......._. .| 28,909 | 3,419 11.8 1 3,733 12.9 7.7 .52
B { 1 | Barium fluosilicate no. 5. 9,783 972 9.9 733 7.5 83.8 .41
2 | Lead arsenate .| 7,836 | 817 10.4 941 12.0 79.6 .53
1 | Barium fluoesilicate no. 5; oil emu.
C sion+nicotine sulphate __..._. .. 8,576 | 895 10.4 640 7.6 83.3 .40
2] Lead arsenate. ... ___._________| 9,942 1,121 1.3 1,082 10.9 | 79.7 .48

1 Sprays were applied according to the schedule given in table 14.

TaBLE 16.—Effectweness of fluorine compounds, as compared with that of lead
arsenate, in orchard experiments for controlling the codling moth

EXPERIMENTS IN 1929

Wormy apples Stung apples
Ex- (In)crea(sie (El)creage
. +) or de- . . or de- ifFar.
l‘;f"i Treatment Trees crease (—) Del;fg crease (—) I:fg
o Weighted | ascom- |, °160 | Weighted | as com- | ,25C |
: mean pared with b mean pared with b
lead arse- | oY lead arse- | ¥
nate treat- nate treat-
ment ment
Percent Percent Percent Percent
1 | Barium fluosilicate___.__.. 5| 39.1+0.8 14+13.61.5 9.121.44-0.6 |—14.7+16 0.2
2 | Potassium fluosilicate. ... 5| 24.7£0.9 | —.8+1.6 .5 22.740.7 |—~13. 417 7.9
3 | Sodium fluoaluminate._._. 5]30.241.1 | +4.7£1.7 2.8 125.240.7 [—10.94+1.7 6.4
4 | Lead arsenate followed by
sodium fluoaluminate__ . 5| 20.94£0.8 | —4.6+1.5 3.1 27.5+1.2 | —8.6+1.9 4.5
5 | Lead arsenate_......._.... 6|25 541.8 | .. 361415 | |eeaaas
EXPERIMENTS IN 1930
1| Barium fluosilicate + oil
emulsion__..__._...__._. 16 | 11.820.9 | +0.9%1.4 0.6 8.0+0.3| —3.7x1 3.7
2 | Lead arsenate -i- oil emul-
[I10) « P 14 | 10.9=£1.1 ool 1L740.9 | ool

Most of the comparable experiments made from 1928 to 1930
showed a slightly lower pereentage of wormy fruit in the plots sprayed
with lead arsenate than in those sprayed with the fluorine compounds,
and it is desirable to know whether or not this difference is significant.
This eannot be figured in some instanees owing to the small number
of trees examined. However, the signifieanee of the differenees in the
treatments used in 1929 and 1930 may be determined from the statis-
tieal eonstants eomputed by the use of standard methods. The prob-
able errors for individual plots were eomputed by the formula

Zpd?
p(n-1)

(p=the number of apples in each tree or plot), which is applieable to
a weighted mean. This formula was used beeause of variations in

PE = +£0.6745
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the numbers of apples borne on the trees on whieh individusl eounts
were made. The probable errors of the differences between plots
were computed by the formula

Eyn = % ‘/612 + e,°

The results of these computations are given in table 16. If four
times the probable error is used as a eriterion, the differences in per-
centages of wormy apples are not significant except in the case of the
barium fluosilicate used in 1929. On the other hand, the differences
noted in the percentages of apples stung are significant in the com-
parisons in which the fluorine compounds were used throughout the

WINESAP .
ARKANSAS
BLACK
JONATHAN e I
) 5 10 15 20 25

WORMY APPLES (PER CENT)
[] LEAD ARSENATE,3LBS. TO 100 GALS.
BARIUM FLUOSILICATE,4LBS. TO 100 GALS.
BARIUM FLUOSILICATE,3LBS. TO 100 GALS.

y BARIUM FLUOSILICATE,3LBS. TO i00 GALS.
AN (LAST APPLICATION OMITTED)

FIGURE 1.—Relative susceptibility of Winesap, Arkansas Black, and Jonathan apples to codling-moth
infestation when sprayed with tead arsenate and with barium flucsilicate as shown by percentage of
wormy fruit, 1930.

season, and doubtfully so in the comparisons in which the fluorine
compound was used following a calyx and first cover spray of leud
arsenate. It may be concluded, therefore, that under the conditions
of these experiments the fluorine compounds are as effective as lead
arsenate in preventing insects from infesting the fruit and that they
are somewhat more effective in preventing insects froin stinging it.
In 1930 two fruit growers also tested the effectiveness of bartum
fluosilicate as eompared with lead arsenate. Apples from a number
of trees in each orchard were examined. The results, which are given
in table 17, are similar to those obtained in the writers’ experiments,
the percentage of wormy fruit being slightly higher and the percentage
of stung fruit lower when barium fluosilicate was used. The results
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given in this table are from Jonathan and Rome Beauty apples in the
first orchard (A) and from Jonathan apples in the second (B). In the
latter orchard Arkansas Black and Winesap apple trees were also
sprayed. The difference in the susceptibility of the three varieties is
shown in figure 1. The last application of barium fluosilicate was
omitted from some of the trees, and the inerease in wormy apples on
these trees was very marked. It should be noted that in this orchard
the lead arsenate was used at the rate of 3 pounds to 100 gallons
throughout the season, so that the barium fluosilicate had a more
severe test than it had in the other experiinents.

TasLe 17.—Comparative effectiveness of barium fluosilicate and lead arsenate for
controlling the codling moth, as shown by growers’ orchard experiments, 1930

ORCHARD A
—_— _

| Ratio

Diluti o
Test| . utlon | ) s stings

Material (per 100 Wormy apples | Stung apples | Sound [ ™
no. gollons) | Bpples ¥ app & app apples [ (0,
blem-
ishes

Num- | Num-| Per- | Num-| Per- Per-
ber ber cent ber cent cent

fourth cover sprays.
Barium fluosilicate no. 5. 4 ppunds-.. 5,867 | 1,004 20.4 76 14.5 69.1 0.38

Fish oil, first 3 cover sprays.| 1 pint.____
2 | Lead arsenate calyx and 4 | 2 pounds..| 4,523 840 18.6 875 19.3 66. 7 .61
cover sprays.

-

lLead arsenate calyx and | 2 pounds..

ORCIIARD B

Barium fluosilicate no. 5__|_._._do.. .
Fish oil, 4 subsequent | 1 pint__.__
cover sprays.

Lead arsenate calyx and | 3 pounds..
first cover,sprays. }11,347 1,761 15.5| 669| 62| 79.6) .0.27

Lead arsenate calyx and | 3 pounds..
first cover sprays. -
Barium fluosilicate no. 5.. .| 4 pounds.. 12,542 | 1,431 1.4 759 6.0 8.7 .34
Fish oil, 4 subsequent | 1pint__.__
cover sprays.
3 | Lead arsenate, all sprays_ .} 3 pounds__| 14,771 | 1,367 9.2 i 857 5.8 85.8 .38

EFFECT OF FLUORINE COMPOUNDS ON FOLIAGE AND FRUIT

The possibility of injury to fruit or foliage has been considered.
No foliage injury has been noted in the arid climate prevailing in the
Yakima Valley, except a very little in 1927. The rainfall during the
early part of September of that year was heavier than usual, and about
2 percent of the foliage sprayed with barium and sodium fluosilicate
was injured. However, foliage sprayed with lead arsenate was also
injured that year. All the experiments have been with apple trees,
but somne pear foliage has been sprayed without any Injury. )

There has been no apparent effect on the quality, size, or ¢oloring
of the fruit. Records have been kept of the average number of apples
per box from all the trees examined. Three plots sprayed with fluor-
ine compounds averaged 141 = 1.3 apples per box, and three compar-
able plots sprayed with lead arsenate averaged 139+2.5 apples per
box. The difference, 2 +2.8, is not significant.
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ACCUMULATION AND ADHERENCE OF SPRAY MATERIALS

During the summer of 1930 an attempt was made to determine the
quantities of material applied by the different treatments as well as
the quantities of residue remaining on the fruit over a period of time.

Samples of Winesap apples sprayed with barium fluosilicate (no. 5)
in the regular orchard tests were taken before and after each spraying
and analyzed for residues. No standard procedure was available as in
the case of arsenieal residues; so a method was developed (6). Briefly,
the method consisted of washing samples of fruit taken before and
after each spray with boiling 3 percent sodium hydroxide solution and
then analyzing this solution for barium by standard procedure and
calculating to barium fluosilicate. Duplicate samples of apples that
had received very different treatments were selected and, judging by
the agreement between the duplicate analyses, the method seemed to
be fairly accurate and gave consistent results. However, it was ap-
plicable only to the barium compound.

The results, calculated in milligrams per apple and in milligrams
per square centimeter of surface, are given in table 18, aud are
compared with similar analyses of fruit sprayed throughout with
lead arsenate. The surface area was calculated in cach case from
the average weight of the apples. The volume was first obtained
by multiplying the weight by 1.2, as the ratio of weight to volume
in Winesap apples was found to be 1 to 1.2. It was determined
that a sufficiently accurate estimate of the surface area could be
obtained by treating the apples as spheres, and therefore the area
was obtained in this way:

=%/367 V=4, 84}/ V?

in whieh 8 is surface area and V is volume in eorresponding units.

Spray residues on harvested fruit are ordinarily given in terms of
grains per pound of fruit. In order that the residues occurring on
this fruit at harvest may be directly eompared with other residues,
the number of grains per pound should be stated, and are as follows:
Series B, test 1, 0.124; series A, test 1, 0.152; series A, test 2, 0.089.
It should be kept in mind that the barium fluosilicate found is about
74 percent of the total residue, while the arsenious oxide present is
only about 28.5 percent of the total lead arsenate residue. In table
18 there are several discrepancies in the quantities of residue before
and after certain sprays. This is probably due to variations in the
fruit used or to errors of analysis, and these figures are given only as
an indication of what residues may be expeeted.
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TaBLE 18.—Comparison of barium fluosilicate and arsenious oxide residues on
apples following spraying experiments, 1930

BARIUM FLUOSILICATE

Quantity of residue

Treatment !
First cover, Second cover, Third cover,
May 22 June 4 June 14
|
X Mg per | Mg per | Mg per | Mg per | Mg per | Mg per
Series B, test 1: apple om apple emd apple em 2
Before spraying . ... ...l ... - 0. 258 0.011
Afterspraying .. .| _________ P S, . 502 .017
ARSEN1OUS OXI1DE
Series A, test 2.
Before spraying_ ... 0.032 0. 005 0.094 0. 006 0.174 0. 007
After spraying. . . oo ooeoion . 160 .016 . 180 .012 .300 .010
BARIUM FLUOSILICATE
Quantity of residue
Treatment ! Residue
Fourth cover, Fifth cover, Sixth cover, at
June 26 July 20 Aug. 12 barvest,
Oct. 15
X Mg per | Mg per | Mgper | Mgper | Mg per | Mgper | Mgper
Series B, test 1: apple cm? epple cm 3 apple cm? cm
Before spraying_.._...__.____ 0.794 0.021 1.270 0.022 2.120 0.025 |
After spraying________.____. 1. 156 . 029 1. 860 .029 0,019
Series A, test 1:
Before spraying. .- ..o _|eceamaao. 1.655 L027 (.o
After spraying . . |iciocoeofemeaas 1. 405 .022 1. 900 . 022 .017
ARSEN10US OXIDE
Series A, test 2:
Before spraying.......____._ 0. 210 0. 005 0. 425 0. 007 0. 750 0.008 |occceuon
After spraying.__._.._._____ . 580 .013 .725 .011 1. 100 .013 0. 009

1 For spray schedule, see table 14.

REMOVAL OF FLUORINE SPRAY RESIDUES

In 1930 some tests were made to determinc the feasibility of remov-
ing residues of barium fluosilicate from the fruit by means of chemical
solvents. Fruit that had had 2 applications of lead arsenate, fol-
lowed by 5 applications of barium fluosilicate used at the rate of
4 pounds to 100 gallons of water with fish-oil or mineral-oil emulsion,
was washed in a flood machine with 1 percent hydrochloric acid at
temperaturcs of 75° to 110° F., and with 1 percent sodium carbonate
at temperatures of 90° to 110°. Before 1t had been cleaned the
fruit had an average deposit of 0.04 grain of fluorine per pound.
Treatment with hydrochloric acid resulted in an average deposit of
0.009 grain of fluorine per pound when washed at 75° F., 0.006 grain
per pound when washed at 90°, and 0.005 grain per pound when
washed at 110°. Treatment with sodium carbonatc at 90° and 110°
resulted in an average deposit of 0.014 grain of fluorine per pound.
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In March 1933 three lots of fruit that had been sprayed the pre-
vious summer two or three times with sodium fluoaluminate (cryolite)
at the rate of 3 pounds to 100 gallons of water with mineral-oil emul-
sion were washed with 1.5 percent hydrochlorie acid, with 5 percent
sodium silicate, and with 18 percent sodium carbonate,® respectively.
Fruit that has been kept in storage for several months is more difficult
to clean than when {freshly harvested; therefore temperatures of
110° F. were used for the acid and sodium carbonate and 120° for the
sodium silicate. This fruit had a maximum deposit of 0.022 grain
of fluorine per pound before it had been washed. Treatment with
hydrochloric acid resulted in an average deposit of 0.004 grain of
fluorine per pound; with sodium silicate, of 0.007 grain per pound;
and with sodium carbonate, of 0.015 grain per pound.

Since methods of analyses for fluorine have not vet been perfected,
these results are only preliminary, but they indicate the quantity of
fluorine residue that it may be possible to remove by suitable washing
witli a solution of liydrochloric acid, sodium silicate, or sodium car-
bonate.

SUMMARY

This bulletin records the results of experiments conducted under
arid conditions at Yakima, Wash., to determine whetlher certain fluo-
rine compounds could be used as substitutes for lead arsenate for the
control of the codling moth.

The fluorine compounds studied are apparently not so toxic as lead
arsenate on the basis of equal weight. This inay be due in part to a
lack of adhesiveness. Because of their cheapness, however, larger
quantities may be used without increasing the cost. The lack of ad-
hesiveness may be overcome by using fish-oil sticker or a mineral-oil
emulsion with then.

Tests of barium fluosilicate, potassium fluosilicate, and sodium
fluoaluminate (cryolite) at the rate of 3 or 4 pounds to 100 gallons of
water, plus 1 pint of fish oil or % gallon of emulsified mineral oil, re-
duced the wormy fruit in about the same percentage as lead arsenate
did at the rate of 2 pounds to 100 gallons of water, without a sticker
except in one experiment, and reduced the quantity of stung fruit by a
greater percentage.

Except in some of the tests eonducted in 1927, no fruit or foliage
injury resulted from any of the experiments. In the limited number
of analyses made to determine the residue on the fruit at the time of
harvest, the residue from these materials was less than that left by
lead arsenate and was as casily removed.

The fluorine compounds should not be used with lime-sulphur or
with spreaders containing lime.

3 These tests were made by A. L. Ryall, assistant pomologist, Bureau of Plant 1ndustry, and the analyses
were made by the junior author.
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